Central Washington University

ScholarWorks@CWU
All Undergraduate Projects

Undergraduate Student Projects

Spring 2022

RC Baja Independent Suspension and Chassis Design and
Development
Joseph Fritz
Central Washington University, fritzjo@cwu.edu

Follow this and additional works at: https://digitalcommons.cwu.edu/undergradproj
Part of the Automotive Engineering Commons, and the Mechanical Engineering Commons

Recommended Citation
Fritz, Joseph, "RC Baja Independent Suspension and Chassis Design and Development" (2022). All
Undergraduate Projects. 179.
https://digitalcommons.cwu.edu/undergradproj/179

This Undergraduate Project is brought to you for free and open access by the Undergraduate Student Projects at
ScholarWorks@CWU. It has been accepted for inclusion in All Undergraduate Projects by an authorized
administrator of ScholarWorks@CWU. For more information, please contact scholarworks@cwu.edu.

RC Baja Independent
Suspension and Chassis
Design and Development
By

Joseph Fritz
Teammate: Rachel Krill

ABSTRACT
The goal of this project is to develop an RC car to compete in the MET RC Baja competition.
A car will be constructed to be as lightweight, durable, and fast as possible while abiding by
ROAR (Remotely Operated Auto Racers) regulations. As such, suspension, steering, chassis
and drivetrain systems will need to be devised to form a complete vehicle. The chassis
must provide mounting points for all other components of the vehicle and provide a rigid
platform in order to create a stable vehicle. The suspension must operate smoothly,
allowing for at least 1 inch of ground clearance, and allow the vehicle to transverse a
variety of terrain including a 2-foot jump. The steering must be predictable, with less than
5 degrees of bump steer and allow for a less than 2 foot turning radius. These requirements
will be achieved through extensive analysis and design of the suspension and chassis
components. This project will focus on the suspension, steering, and chassis aspects of the
RC car. The drivetrain aspects will be developed by teammate Rachel Krill. The analysis of
all systems will involve static structural, kinematic, fatigue, and geometric analysis. The
resulting vehicle is ROAR legal, can travel at speeds of 30mph, has approximately 1 inch of
ground clearance, weighs 3.5 lbs, has a turning radius of less than 2 feet, and can complete
all required tasks for the met RC Baja competition.
Keywords: Baja, offroad, ROAR, chassis, racing, suspension.
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1. INTRODUCTION

a. Description

The goal of this project is to develop an RC car to compete in the MET RC Baja
competition. A car will be constructed to be as lightweight, durable, and fast as possible
while abiding by RC Baja regulations. This will be achieved through extensive analysis and
design of the suspension and chassis components. This project will focus on the
suspension and chassis aspects of the RC car.

b. Motivation

This project was motivated by a need to compete in the MET RC BAJA Competition.
The design and construction of a successful and competitive RC car will demonstrate
aptitude in suspension and chassis design and understanding of vehicle systems necessary
in the automotive industry.

c. Function Statement
Provide mounting points for all components of the vehicle and provide stability over
various terrain.

d. Requirements

The car must meet the following specifications.
-Have a ground clearance of 1 inch or more.
-Have maximum dimensions of 300x220x300
-Have a turning radius of 2 feet or less.
-Be able to move at speeds of 30 mph or more.
-Be able to drive over obstacles 2 inches tall.
-Weigh less than 5lbs.
-Have a 3d printed chassis made from PETG.
-Have shocks mounted at a 90 degree angle to lower swingarm at full travel.

e. Engineering Merit

The vehicle to be constructed must undergo strict structural analysis. Loads on the
chassis must be well defined, taking into account impact from rough terrain and obstacles.
The basic loadings can be found via initial static analysis, as well as considering weight
transfer due to cornering, accelerating, and decelerating. Impact loads, such as those
experienced in a drop test will be calculated via a dynamics analysis. Suspension geometry
will be decided to give features such as negative camber increase throughout the
suspension stroke. 3D modelling and finite element analysis via computer will also be
performed in order to verify structural strength and rigidity.
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f. Scope of Effort

This report will cover specifically the suspension and chassis of the vehicle. All
aspects of the suspension design, analysis, and main section of the chassis will be covered.
Drivetrain components such as electronics, motors, controllers, their mounting systems
and other systems related to power transmission will not be covered in this report.

g. Success Criteria

-RC car completes a drag race, slalom and off-road event with jumps and other
rough terrain/ obstacles.

2. DESIGN & ANALYSIS
a. Approach: Proposed Solution
In order to compete in the RC Baja competition, and complete a drag race, slalom,
and off road course, multiple solutions were considered. A standard four wheeled, fully
independent suspension design, and two three wheeled independent suspension designs
were considered. The three wheeled design options were eliminated due to issues of
power transmission and concerns of grip.
Table 1. Decision Matrix for Design Decision

b. Design Description
The chosen design is a four wheeled, fully independent suspension type, with rear
wheel drive only. There is no rear differential, but rather a spool. This will both simplify
the design process, increase durability, and increase power transmission in a straight line,
which will improve drag race performance.

c. Benchmark
8

A good comparison benchmark for this project is the Losi Mini Desert Truck 1/18th
scale. This vehicle is somewhat smaller than the vehicle proposed here, however it is also
a two wheel drive, fully independent suspension all terrain vehicle with speed capabilities
above 20 mph. The vehicle proposed here will have greater ground clearance and a higher
top speed. The Losi does, however, have a rear differential. This will make the Losi better
at cornering, but worse at accelerating especially on loose terrain where one wheel is
allowed to slip.

d. Performance Predictions
The proposed vehicle will go at least 25 mph, be able to withstand a drop from 2 feet
with less than 1 inch of vertical suspension travel and have a turning radius of 2 feet or
less.

e. Description of Analysis
A kinematic analysis will be done first in order to find the maximum forces that the
vehicle will experience. These maximum forces will occur during a drop from 2 feet, as
well as during acceleration, which will be calculated based on later analysis given the
torque performance of the motor. Static analysis will be done to ensure the strength of the
suspension and chassis components once these forces are known and the final geometries
of the suspension components are decided. The weight of the vehicle must be known for
the final analysis.

f. Scope of Testing and Evaluation
Testing will involve top speed testing via timing gates, drop testing with slow
motion video recording to determine suspension travel, and turning circle testing via
marked course. Other testing of qualitative characteristics will also be performed to
examine stability and other features, however such testing is not as quantifiable as the
quantitative tests.

g. Analysis
i. Analysis 1:
Design Requirement: Survive 2ft drop without using more than 1” of suspension travel.
Kinematic Analysis of vehicle to determine force on each wheel during impact to be used
later to determine spring constants for suspension. Refer to Appendix A1 for solution.
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ii. Analysis 2:
Design requirement: Withstand impact loads repeatedly that are estimated as the static
load of the vehicle (3lbs) multiplied by 10 (30lbs). This avoids the complex nature of
impact energy absorption analysis. Steering knuckle analyzed at this large safety factor at a
predicted high stress location. The thickness and width of the steering knuckle arms (5mm
and 13mm respectively) found through space restrictions of the wheel size, are verified to
be safe using static structural analysis. Further analysis shall be performed to evaluate the
endurance limit of the part and revise the part in later analysis. Refer to Appendix A2 for
Analysis and Appendix B for drawing JSF-20-001 and JSF-20-002.
iii. Analysis 3.
The problem is making a steering knuckle that can tolerate cornering and impact stresses
simultaneously. Design Requirement: Be able to withstand vehicle weight multiplied by a
safety factor of 10 to estimate impact, distributed on two wheels to simulate maximum
cornering condition (each wheel will therefore carry 15 lbs in addition to a cornering load).
The steering knuckle introduced in analysis 2 is re-analyzed under this new maximum
loading condition to ensure that the internal stresses do not exceed the yield strength of
PETG. The design parameters verified by this analysis are the upper and lower arm
thicknesses. Refer to Appendix A3 for Analysis and Appendix B for drawing JSF-20-002
and JSF-20-001.
iv. Analysis 4:
The problem is that the steering knuckle must provide adequate turning ability and
structural integrity while also fitting within the vehicle’s front wheels. The design
requirement is to allow the front wheels to turn 45 degrees and withstand 15lbs vertical
force applied at the wheel. The previous steering knuckle shown in analysis 2 failed to
allow adequate turning. The steering knuckle has been altered through design in
SOLIDWORKS in order to meet the 45-degree turning requirement, and as such must be
reanalyzed to ensure that the forces applied (15lbs at the wheel) do not produce any
stresses over the yield strength of PETG. The design parameters verified by this static
analysis are the thickness and width of the upper and lower arms. Refer to Analysis A4 for
Analysis and Appendix B for drawing JSF-20-002 and JSF-20-001.
v. Analysis 5:
The problem is the need for a lower suspension swingarm that does not interfere with the
wheel turning at least 45 degrees. The design requirements are that the wheel still be able
to turn 45 degrees and that the swingarm be strong enough to sustain a 15lb vertical load.
The swingarm was modelled in SOLIDWORKS so that it would not interfere with the wheels
turning 45 degrees, and then the dimensions generated from this modelling were analyzed
statically under load to ensure that the suspension arm would endure no stresses above the
yield stress. The resulting design parameter was that the thickness of the swingarm was
verified to be adequate (6mm). Refer to Appendix A5 for Analysis and Appendix B for
Drawing JSF-20-006.
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vi. Analysis 6:
The problem is the need for a steering block to hold the bearing and axle (and consequently
the front wheels). The design requirement is that the steering block must withstand 15 lbs.
vertical force and 35.3 lbs horizontal force applied at the tire. The analysis calculates the
resulting force at each of the bearings inside the steering block, and shows a SOLIDWORKS
static analysis of the part. The steering block is verified to have no stresses higher than the
yield strength of PETG. The design parameter is that the dimensions of the steering block
(necessary due to space constraints and geometric function) are determined to be
adequately strong. Refer to Appendix A6 for analysis and Appendix B for drawing JSF-20004.
vii. Analysis 7:
The problem is the need for an upper control arm that will undergo compressive loading.
The design requirement is for the upper control arm to withstand 68.7 lbs compressive
loading and 54.97 lbs tensile loading. The analysis calculates the required diameter of a
circular cross section of the arm for both tensile and compressive loading. The resulting
design parameter is the diameter of the arm; .25 inches. Refer to Appendix A7 for analysis
and Appendix B for drawing JSF-20-003.
viii. Analysis 8:
The problem is the need for a suspension shock absorber. The design requirement is for
the shock to be positioned at a 90-degree angle to the suspension arm when it is at full
travel, while being mounted as far away from the suspension arm hinge as possible. To
analyze the mounting situation a chart was constructed showing the lower swingarm at
resting horizontal position and at full travel of 1 inch vertical at the wheel (approximately
16 degrees from horizontal). This chart allowed for the direct sizing of shocks by in person
comparison or available measurement. The possible upper and lower shock mounting
points vary depending on how long the shock is, and where these mounting points are
determines how much shock stroke is required. As such shocks with known extended and
compressed dimensions could be compared to the chart, and a range of possible mounting
points was found. A shock length was chosen of 75mm (+/- 1mm), mounted 2.5 inches (+/.1in) from the lower suspension arm hinge, with a mounting angle of 12 degrees from the
vertical (+/- 2 degrees). Refer to Appendix A8 for analysis and Appendix B for drawing JSF55-008).
ix. Analysis 9:
The problem is the need for a lower suspension arm to hold the shock and steering
knuckle. The design requirement is to withstand a 15lb upward vertical force and 35lb
horizontal compressive force. To analyze this loading scenario, the lower arm was
modelled in Solidworks to satisfy geometric needs for mounting to the vehicle, and then
analyzed using a static FEA simulation. The swingarm was then optimized by adding
cutouts, x-bracing, and fillets in higher stress areas. The resulting design parameter was an
8mm thick arm with 3mm thick x bracing. Refer to Appendix A9 for Analysis and Appendix
B for Drawing JSF-20-006.
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x. Analysis 10:
The problem was the need for a front shock tower with mounts for both the shocks and
upper control arms. The design requirement was to withstand two loading scenarios,
including a 10.5lb load from the shocks and a 3lb load from the upper swingarm, and a 21lb
load from the shocks with a 54.97 lb. tensile load from the upper swingarm. Since the
structure of the shock tower is fairly complex, a Solidworks FEA static analysis was
performed. The design was then iteratively optimized. This resulted in a web thickness of
3mm, with a 10mm fillet around the shock mounting points. Refer to Appendix A10 for
Analysis and Appendix B for Drawing JSF-20-005.

xi. Analysis 11:
The problem is the need for a rear bearing block to hold the rear stub axle. The design
requirement is to withstand a loading of 15lbs vertically at the tire and 35.5 lbs
horizontally at the tire. The analysis consisted of solving for the resultant forces at the
bearings and running a Solidworks FEA static analysis to find the maximum stresses
present in the bearing block. All stresses were found to be below the yield stress of PETG
and the bearing block radial thickness of 3.375 mm was deemed adequate. Fillets were
added to the part to reduce stress concentrations. Refer to Appendix A11 for Analysis and
Appendix B for drawing JSF-20-007.
xii. Analysis 12:
The problem was the need for a rear shock tower with mounts for both the shocks and
upper control arms. The design requirement was to withstand two loading scenarios,
including a 10.5lb load from the shocks and a 3lb load from the upper swingarm, and a 21lb
load from the shocks with a 54.97 lb. tensile load from the upper swingarm. Since the
structure of the shock tower is fairly complex, a Solidworks FEA static analysis was
performed. The design was then iteratively optimized. This resulted in a web thickness of
4mm. Refer to Appendix A12 for Analysis and Appendix B for Drawing JSF-20-008.
xiii. Analysis 13:
The problem was the need for a central chassis to house the battery, motor and other
drivetrain components. The design requirement was to withstand the weight of the motor
and batter placed centrally on the chassis, a 750 gram load multiplied by a safety factor of
10 due to the uncertainty of loading due to impact. The chassis was analyzed using this
loading in a Solidworks FEA static simulation. Since no stresses were found above the yield
strength of PETG, the design was optimized by adding cutouts to relieve weight. Several
simulations were run to achieve the final version. The thickness of the base plate is 2mm.
Refer to Appendix A13.
xiv. Analysis 14:
The problem was the need for Ackerman steering, which provides the proper angle of
steering blocks during cornering. The design requirement was to for the inner and outer
steering blocks to have the same center of cornering at full steering lock (approximate
12

turning radius of 10.364 inches). The analysis involved a graphical method where the track
width and wheelbase are drawn and lines are drawn from the king pins to the center of the
rear axle. The angles of these lines are measured from the horizontal and chosen to be the
initial angles for the steering block arms. The angle and length of these arms is adjusted to
change the Ackerman behavior of the suspension. The dimensions are varied in a
Solidworks model of the steering system iteratively until the ideal geometry is achieved.
The resulting steering block arm angle is 58 degrees. Refer to Appendix A14 for Analysis
and Appendix B for Drawing JSF-20-004.
xv. Analysis 15:
The problem was the need for a steering bell crank that can withstand the loadings due to
the steering servo. The design requirement was to withstand a 33.06 kgf tangential
(relative to the servo arm) force, and a 9.3 kgf vertical force. These forces include a safety
factor of 3 to account for shock loading. The bell crank is modelled in Solidworks using the
basic required dimensions and an FEA static analysis is run to determine stresses and
displacements. The stresses indicate that the bell crank is strong enough, but the deflection
is initially unacceptable. The bell crank is given larger fillets and the arms are thickened.
This reduces the displacement. Note that the servo will yield/move before the theoretical
loading is reached. The resulting bell crank is 7.9mm thick. Refer to Appendix A15 for
Analysis and Appendix B for drawing JSF-20-009 and JSF-20-005.
xvi. Analysis 16:
The problem was the need for a near 50/50 weight distribution and overall vehicle weight
of less than 5 lbs. The full Solidworks model of the proposed design of the vehicle complete
with real weights of each component found a 43/57 weight distribution and 3.32 lb weight.
xvii. Analysis 17:
The problem was the need for a turning radius of 2 feet or less. The Analysis consisted of a
model of the proposed steering design. This model was then used to model the instant
turning center of the vehicle and determine the predicted turning radius of 20.7 inches.
xviii. Analysis 18:
The problem was the need for a spring rate strong enough that less than 1 inch of wheel
travel is needed in a 1 foot drop. A simple conservation of energy calculation revealed that
the spring rates required (82.2lb/in of wheel travel) would be too high to be possible or
useable. As such the design requirement is found to be unreasonable.

h. Device: Parts, Shapes, and Conformation

The suspension and chassis components of the RC vehicle were initially created
based off of required dimensions such as desired track width, wheel size, and wheelbase.
From here, desired suspension geometry was analyzed using suspension geometry analysis
software to optimize characteristics such as negative camber increase throughout the
suspension stroke. The desired geometry determined the basis dimensions such as upper
and lower control arm length and mounting point. The components required were then
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designed to fit these basic dimensions while being as strong as possible, and analyzed
statically at predicted maximum load conditions. The primary maximum load conditions
are; the car’s weight at rest with a safety factor of 10, and the cars static weight directed on
the front wheels with a safety factor of 10. These safety factors were chosen to be very
large to account for impact, without the need to analyze energy absorption characteristics
of complex parts. The areas of predicted maximum stress were found by observing
maximum shear, moment and normal loadings. These areas were verified and re-analyzed
using a Solidworks static simulation. Components are then optimized for weight without
significantly increasing stress. All stresses were verified to be below the endurance limit of
the part, or at a level that would require a significant number of cycles to produce failure.

i.

ii.

Device Assembly

The RC car will be assembled from a main chassis component and suspension
components at each of the four wheels. The chassis and suspension will be
constructed of 3D printed PETG components entirely, providing ease of
manufacture, and high impact resistance and fatigue strength. The Car will be
able to move with stability over rough terrain, which is accomplished with the
independent suspension design, and house all of the drivetrain components.

j. Technical Risk Analysis

The RC car chassis and suspension are being optimized for toughness primarily, due
to the unknown and random nature of impact on the vehicle. Weight reduction is a
secondary process. The chassis is not at high risk of being overweight due to the low
density of PETG plastic.

k. Failure Mode Analysis

The vehicle suspension and chassis components are evaluated at static load
multiplied by a safety factor of 10 to account for large impact loading in addition to
maximum predicted cornering load. All components are ensured to have stresses no
higher than the endurance limit at this factor of loading. Von mises and Tresca stress
analysis will both be used depending on the scenario. The large safety factor provides
strength and fatigue resistance without requiring complex energy absorption analysis. All
components are also checked using Solidworks static analysis, fatigue analysis and in some
cases impact analysis. Since the material being used is PETG, the material is ductile and
will be analyzed neglecting stress concentration factors.

l. Operation Limits and Safety

As previously mentioned, all components are analyzed given large safety factors to
account for the random and severe nature of impact loads on suspension. As such, all
components should be extremely tough. However, the car should not be dropped from
more than 5 feet or have a gross weight of more than 5 lbs. when operating. The vehicle
should also be ensured to be controlled on a unique frequency from other vehicles.
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3. METHODS & CONSTRUCTION
a. Methods
The chassis and suspension components were designed with the intent to be fully 3D
printable. This method was chosen for ease of prototyping; a mass-produced version of
these components would likely involve injection molding. The 3D printed components are
strictly the non-purchased suspension and chassis components and do not include metal
fasteners, bearings, axles, etc. Machining was ruled out as a production process early on in
this project as the parts required are far too complex to be produced easily and at a
reasonable cost.

i.

Process Decisions

Different methods of manufacturing were considered for this project, including
machining, lost PLA casting, and 3D printing. Machining would produce high strength
metal parts, but would be time consuming and costly due to metal prices and machine time.
Extremely complex parts would also not be possible on conventional machines, and would
instead require many axis CNC milling machines which are not feasible to obtain due to
their high cost.
The manufacturing process that has been chosen for the chassis of the RC car is 3D
printing. The decision matrix for this component is shown in Table 4, Appendix F. 3D
Printing was chosen primarily due to its ability to cheaply and easily produce complex
parts. Machining was not feasible due mainly to the complex nature of the part and
expense of materials which would have to be purchased in large pieces. Casting was ruled
out as it would involve use of a foundry or small-scale smelting oven, both of which are still
rather costly. In addition, the tooling for casting a complex part would involve 3D printing
a copy of the part in order to create the molds. As such, 3D printing is the easiest, lightest,
and most cost-effective way to produce the chassis. It should however be noted that both
machining and casting would result in stronger parts, but this benefit is negligible when
accounting for the cost and difficulty that would also result. It can also be noted that 3d
printing provides a reasonable degree of accuracy (+/- .1 mm) for RC car components, and
further accuracy is not necessary for chassis and suspension components.
The manufacturing process decision of using 3d printing for the suspension
components was made for all of the same reasons as the main chassis process decision (see
above paragraph for detail). The parts are complex, yet easy and cheap to produce using a
3d printer. See Table 5, Appendix F. The suspension components can be printed quickly in
batches. With good setup, all of the suspension components could be printed in a single
batch within 24 hours, although typically smaller batches of 4 parts will be printed to avoid
lengthy print times and increased chances of failure.
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The material choice (as represented by Tables 2 and 3, Appendix F) was the same for all
of the suspension and chassis components. PETG plastic was chosen due to its low weight,
impact resistance, low cost and ease of printing. PETG plastic has a greater tensile strength
than ABS, similar impact energy absorption to ABS, while also having ease of printing
similar to PLA. As such PETG is commonly being used as an ABS alternative, and will be
used as such in this project.

b. Construction
i. Description
The main chassis and all the suspension components are 3D printed in batches of
similar parts. For example, the lower arms are printed in a batch of four arms. The main
chassis occupies the entire build plate of the printer, and as such is printed alone. Note that
the size of the chassis is limited by the print bed size (300mm length), and could be scaled
easily given a larger printer. Although all of the small suspension components could be
printed together in a large batch this is avoided because a failure part way through a long
print results in large quantities of wasted material and time. As such only similar parts are
printed in batches taking approximately 4 hours or less. Upon printing the chassis and
suspension components they are assembled using purchased fasteners such as pins and
screws. The components are first assembled into 5 subassemblies which are then
assembled together into the Main Chassis Assembly (JSF-10-001, Appendix B-1). These
subassemblies are chosen as each is comprised of similar components that must be
connected together, while also being small enough assemblies to facilitate ease of assembly.
ii. Drawing Tree, Drawing ID’s

Figure 1. Drawing Tree Assemblies

All of the suspension components are attached directly to the main chassis section.
This is a simple method by which all of the small suspension components are built outward
from the main chassis to the wheels. As such the subassemblies that must be assembled
include the Rear Suspension Subassembly (JSF-10-002, Appendix B-2), the Front
Suspension Subassembly (JSF-10-003, Appendix B-3), the Base Chassis Subassembly (JSF10-004, Appendix B-4), and the Gearbox Subassembly (JSF-10-005, Appendix B-5), This
method of assembling parts together and attaching them to the main chassis groups the
components by type, so that construction is organized and straightforward. (See Full
Drawing Tree in Appendix B).
17

iii. Parts
All chassis and suspension components that are not purchased are 3D printed from
PETG filament. Some parts such as the Motor Mount (See drawing JSF-20-012 in Appendix
B) are 3D printed and then annealed for higher temperature resistance. While all of the
components on the vehicle are designed to be 3D printed, the components could also be
injection molded from PETG or ABS. The purchased components include the shocks (JSF55-001, Appendix B-1), steering servo (JSF-55-002, Appendix B-2), and the steering
linkages.
The only non-purchased part on the vehicle that is not 3D printed is Idler Gear Shaft
(RMK-20-005), which is machined out of SAE 1020 steel.
iv. Manufacturing Issues
No major issues have arisen during the manufacturing of the chassis and suspension
components of the vehicle. However, common 3d printing difficulties including bed
adhesion and filament accumulation on the nozzle did manifest during the printing of the
Main Chassis (JSF-20-008). The lack of bed adhesion was resolved by increasing the bed
temperature and using masking tape as a print surface. Filament accumulation on the
nozzle was solved through the use of new stainless-steel nozzles and careful nozzle
cleaning before every print. Support removal proved to be somewhat difficult for the
chassis print and in printed mounting holes. A pair of pliers were used to carefully break
support structure into small pieces without damaging parts, while bolts and suspension
pins were used to push support structure out of printed mounting holes. No other
manufacturing issues arose.
Certain parts such as the motor mount, as previously mentioned were annealed for
higher temperature resistance. The annealing process is rather simple, it involves
preheating an oven to 150 degrees Fahrenheit (60C-70C) and placing the part in the oven
for at least 20 minutes. This process ensures the bonding of printed layers for higher
strength and increases the temperature tolerance of the plastic slightly. PETG plastic is
known to have a softening temperature of approximately 80 degrees Celsius, and this
process should slightly improve this temperature resistance. The expected maximum
motor temperature should not reach this temperature in actual usage or damage would
result. This process does often result in some shrinkage of parts, as such the motor mount
was scaled in order to accommodate the shrinkage. Multiple motor mounts were printed
with various scales to achieve the proper final dimensions.
Due to the precise nature of the Idler Gear Shaft, the part was machined out of house
by project sponsor and professional machinist Joseph Fritz III.
v. Discussion of Assembly
The Assembly of the vehicle began with the creation of the Front and Rear
Suspension Subassemblies, Base Chassis Subassembly, and Gearbox Subassembly (JSF-10003, JSF-10-002, JSF-10-004, JSF-10-005. The Suspension and Base Chassis subassemblies
were constructed from 3D printed components without incident. The Base Chassis
Assembly required soldering of the electrical components of the drivetrain before
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installation on the Main Chassis. The Suspension and Gearbox Subassemblies were then
mounted to the Base Chassis Subassembly. The main difficulty that arose during the
construction of the vehicle was the construction and adjustment of the gearbox. The
original gearbox design held both the Idler Gear and Motor in place. However, it was found
that this did not allow for sufficient adjustment of the gear mesh. As such a redesign
occurred for the motor mount with a separate idler gear cradle (RMK-20-001). The
resulting fully assembled vehicle is comparable to the benchmark vehicle, a Traxxas Bandit
xl-5. The benchmark weighs 3lbs, and can travel 30mph. The project vehicle weighs
approximately 3.2 lbs and is geared to achieve a similar top speed, although this has not
been tested yet.
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a. Introduction

4. TESTING

The testing of the RC Baja car will determine how well it satisfies the design
requirements. The primary requirements that will be assessed are that the car has a
turning radius of 2 feet or less, weighs less than 5lbs and has a 50/50 weight distribution,
and has a top speed of 30mph. As such, the car will drive through marked out courses to
test the top speed, turning radius, and ability to clear 2-inch obstacles, and shall be both
weighed and balanced. The collection of testing data will not only ensure the vehicle meets
basic design requirements, but also suggest how the vehicle design can be improved.
Based upon testing data collected, the vehicle may need adjustments to the design or
adjustment of chassis and suspension components. Drivetrain Components such as gear
ratios may also be adjusted. The vehicle may need tuning such as the addition of ballasts to
improve weight distribution and handling, or perhaps adjustment to spring stiffness, ride
height or toe in.

b. Method/Approach

Certain design requirements, such as the weight of the vehicle and its dimensions
are easy to evaluate and are based on direct measurements of the vehicle. Other design
requirements will need to be verified through devised testing procedures or purchased
equipment. The performance related design parameters will be tested via obstacle course,
the top speed, ground and obstacle clearance. A large flat area will be needed for speed and
turning circle testing, along with tape to mark the course, measuring tape to measure the
course, and a stopwatch to time the car. Alternatively, a GPS tracker may be used for top
speed testing. Obstacles will also be needed to test the all-terrain abilities of the car. A
scale and measuring tape will be needed to determine vehicle dimensional requirements.
Details of the obstacle course will be obtained from the organizers of the event, and a
similar course will be constructed to ensure that the car can complete the course.
Note, that there are some minor variances in the actual methods used to test the
vehicle vs the planned methods. These are primarily the turning circle testing, and obstacle
course. The turning circle test was modified because a marked out course would only give
a pass fail indicator of performance, instead wettened rear wheels were used to make
temporary marks on dry concrete while the vehicle turned in a circle. The obstacle course
was originally intended to test the vehicle’s top speed and obstacle clearance capabilities,
but ultimately proved unnecessary as these could be determined using smaller separate
tests, with a straight line course and one obstacle for the 2 inch obstacle clearance test. No
other modifications were needed for the testing methods of the vehicle.

c. Test Process

The speed testing will be conducted by marking out a straight line on flat ground of
a specified distance. Extra distance on either side of this line will be provided so that the
car can speed up to its maximum speed before entering the course and stop safely after the
course. The car will then be driven up to its maximum speed before entering the course
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and timed using a stopwatch to find how long it takes to travel the set distance course.
Alternatively, if a GPS tracking device can be procured, the vehicle can simply be driven in a
straight line at full speed, preferably for distances longer than 100 feet. At this point a GPS
device can simply report the maximum speed reached.
In order to measure the weight of the vehicle, a scientific scale will be acquired. The
scale will be powered on and tared, the vehicle will then be placed on the scale and the
weight recorded. Three trials can be performed and averaged.
The weight balance of the vehicle can be determined by either balancing the vehicle and
marking the point on the chassis where it balanced (x center of gravity), or measuring the
weight of the vehicle on its front and rear wheels respectively. These weights can be used
to calculate the weight bias on the front and rear of the vehicle.
The turning radius can be evaluated by marking out a circle of the specified turning
radius and turning the car along the path of the circle. If the car can turn along or within
the specified circle, it has passed the test. The circle can be marked out using marker or
tape, by specifying a center point and measuring the radius from this point using a
measuring tape or similar device. Alternatively, it may be useful to add a marking device to
the vehicle itself, chalk or wettened tires for example that leave markings wherever the
vehicle drives which can be measured afterwards.

d. Deliverables

The goal of this project was to produce a car that can travel at 30 mph or more, has a
turning radius of 2 feet or less, weighs less than 5lbs, and has a near 50/50 weight
distribution. A chart with all the test results and a test report were produced.
The predicted test outcomes based on previous analyses were a vehicle that had a
turning radius of 20.7 inches, and weighed 3.32lbs with a weight distribution of 43/57
(front/rear), and a top speed of 33mph (See Appendix A16 and A17 for Analyses, and
Teammate Rachel Krill for Top speed analysis). Through testing it was found that the
resulting vehicle had a turning radius of 2.52 feet, weighed 3.425 lbs, had a 46.6/53.4
weight distribution, and a top speed of 31 mph.
Few issue resulted during the testing of the vehicle. The most challenging test
performed was the speed testing, which was facilitated by the use of a Garmin Forerunner
10 GPS watch, which was strapped to the top of the vehicle, and gave accurate speed data
with little effort. Turning radius testing proved difficult initially, as chalk attached to the
rear of the vehicle would not make consistent markings as the vehicle drove in a circle. As
such this was replaced with wettened rear tires which made clear marks on dry pavement.
No other significant difficulties occurred during testing.
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5. BUDGET
a. Parts

The drivetrain parts such as the battery, controller, motor, and servo (RMK-55-005, RMK55-002, and JSF-55-001, Appendix C), are the most costly, and were procured through
Amazon and online hobby stores. Some small components such as hinge pins, nuts and
bolts, and bearings were purchased at Jerrol’s hobby store. The 3D printing PETG filament
was purchased through Amazon, along with the wheels and tires, and shock absorbers
(RMK-55-009, RMK-55-004, JSF-55-002, Appendix C). Most of the components arrived
within 2-3 days of purchase, no items required more than one week of lead time. All nonpurchased components are 3D printed in house, such as the main chassis (JSF-20-008,
Appendix C). All of the purchased components have part numbers including ‘55’, while
manufactured component numbers include ‘20’, and both can be found in the parts list in
Appendix C, with drawings found in Appendix B.

b. Outsourcing
All Chassis components were fabricated in house with a 3d printer. The only part that was
outsourced was the steel idler gear shaft, which was machined and donated by Joseph Fritz
III.

c. Labor
Labor, includes engineering and construction costs. The engineering makes up most of the
total labor cost. The estimated total labor cost is 11300 dollars assuming 40$/hour and
282 hours of work. The engineering is to be completed by the beginning of December.
Assembly work will begin mid-December and conclude by the end of March. Testing work
began in April and concluded in June.
During testing no major modifications were made to the design of the parts due to
the extensive prototyping of all of the systems during the design phase. The one
modification made during testing was to enhance the durability of the crucial 3d printed
components by using a 3D pen to “stitch” across the layers, thus preventing delamination
and creating a more isotropic material.

d. Estimated Total Project Cost
The estimated total project cost is 11900 dollars. Labor makes up 11300 of this, spent on
engineering, assembly and testing. 300 dollars is allocated to drivetrain components, 100
allocated to suspension components, and 200 allocated to 3D printing. (See Appendix D for
project cost breakdown).
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e. Funding Source
The project cost is supported solely by Rachel Krill and Joseph Fritz.

6. Schedule
a. Design

Overall, Fall quarter progressed as scheduled. No notable delays were encountered. The
proposal and report writing progressed with weekly entries made to one or more section
per week. Some sections did require revision to meet formatting and content
requirements, but this constituted approximately 30 minutes of time per instance, and as
such did not cause any significant obstacle. Analysis and design of the vehicle took place at
a similar pace, with weekly completion of parts. Documentation of the project occurred in
tandem with both the analysis and the report writing, and included the addition of part
drawings and analysis documentations. Since no significant delays occurred in the analysis
and proposal writing, the documentation stayed on schedule. The overall pace of the
project was managed by performing tasks as early as possible to avoid any potential of
falling behind schedule. The time estimated to complete tasks in the planning stage was
adequate if not more than necessary. As such the tasks that required less time than
planned offset the few instances of tasks that required more time than planned. Milestone
reached: device design and analysis complete.

b. Construction

The construction of the vehicle took place smoothly and with little difficulty. This is
primarily due to the fact that the vehicle is fully 3D printable, and as such is easy to
manufacture. In addition, the construction of the vehicle took place well ahead of schedule,
with a functioning prototype being driven at the beginning of spring quarter. The main
issues that delayed the production of the vehicle were printing related issues including
shrinkage, bed adhesion, and filament accumulation on the nozzle. However, these issues
did not cause the project to fall behind schedule due the fact that the construction was
initiated significantly ahead of schedule. This was in part due to construction being started
over winter break. In addition, the slicer program used to run the 3d printer gave accurate
time estimates, allowing for accurate prediction of part printing time for planning
purposes. Milestone reached: working prototype.

c. Testing

The testing of the vehicle was completed very quickly after the initial planning
phase. The testing was composed of some basic measurements of the car, an obstacle
clearance test, turning radius test, and a weight balance test. The data collection could be
conducted within approximately 10 minutes for each test, and no significant complications
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were encountered. The most time consuming portion of the testing involved test report
writing, especially with regard to each of the procedure sections. As a result of the test
reports taking longer than expected they were completed utilizing significant out of class
hours to complete. However, multiple major milestones were reached including verifying
vehicle parameters and demonstrating that the vehicle is competitive with industry
standard RC cars.
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7. Project Management
Introduction:

The primary risks involved in completing the project involve time management of analysis
and exceeding the physical resources of the project. In order to prevent these primary
risks, the physical resources needed for the project will be explored thoroughly to allow for
the creation of an accurate budget. The risk of finishing the project on time is a constant
concern as well. As such, each week of the project will have specific goals, the total of the
goals will match the total number of required tasks. Each week the progress is evaluated to
determine if the project is on schedule based on the tasks remaining. Other risks and their
mitigation strategies are discussed below.

a. Human Resources

Human Resources used in this project include expert advice from Joseph Fritz III, a
professional aircraft mechanic, machinist, and fabricator. Charles Pringle, Mechanical
engineering professor is also a frequently used resource in this project. The project’s
primary engineer, Joseph Fritz IV provides the design of the chassis and suspension along
with strength analysis of said components (Resume Shown in Appendix H). These Human
Resources are used whenever design and analysis advice are required for the project. The
main risk associated with human resources is lack of availability due to time conflicts.
Project advice is obtained as soon as possible to avoid time conflicts.

b. Physical Resources

The main physical resource used in this project is a Creality CR-10 mini 3D printer. This is
used to produce all of the chassis and drivetrain components that are not purchased. The
primary concerns associated with 3D printing are time and precision. 3D printed parts can
take hours or days to produce, and if a failure happens during a print the part cannot be
saved. The prints also have significant shrinkage present, and make precise parts difficult.
These risks are managed through frequent test prints to test reliability and precision.
Designs are modified to reduce print issues.

c. Soft Resources

Some soft resources used include Chassis Engineering by Herb Adams, Solidworks, and
Wiley Engineer’s Desk Reference. These are all industry standard resources and have little
risk associated. The most significant risk is a software failure, or computer failure that
causes documents to be lost. As such, all files are stored in both a Google Drive backup and
a flash drive in addition to the computer’s hard drive to prevent data loss.

d. Financial Resources

All financial resources are provided by Joseph Fritz and Rachel Krill. Some PETG filament
is donated by Regina Fritz. Since both team members are the only source of funding, if the
project goes over budget, a meeting will be held to discuss the allotment of additional
funds, and preventative measures will be taken to prevent further budget usage.
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8. DISCUSSION
a. Design
To begin the design phase, the basic layout of the car had to be decided first. Two
basic layouts were discussed, including a three wheeled car with one driven rear wheel, a
four wheeled car with driven rear wheels. The three wheeled design offered less weight,
fewer parts, and no need for a differential. However, a three-wheel design is somewhat
risky, as power transmission to the rear wheel would require bespoke parts, while
drivetrain parts for four wheeled cars are readily available. As such a four wheeled design
was predicted to be more practical, use more standardized parts, and be easier to
construct. The use of a differential was also weighed against the use of a ‘spool’ i.e., no
differential. The differential provides the potential for greater agility in cornering, while
the spool is simpler and provides better launch stability and off-road grip. The spool was
chosen to avoid the complexity of constructing a differential and to make the vehicle more
competitive in drag racing and off-road courses. Fully independent suspension was chosen
because it offers the greatest stability and highest degree of suspension flexibility. It is
generally agreed that independent suspension is better than solid or live axle designs for
high performance purposes, although it is slightly more complex. Now that a four wheeled
independent suspension setup was decided upon, basic drivetrain layout was devised. The
first idea for a drivetrain layout involved the motor behind the rear axle, batter in the
middle and servo at the front. For weight distribution purposes, the motor was moved in
front of the rear axle, with the battery in the middle, and steering servo at the front. This
creates the potential for a perfectly balanced weight distribution between the front and
rear and helps prevent wheel standing.
Now that the basic layout had been decided upon the basic parameters of the vehicle
were decided; such as target weight and basic dimensions like track width and wheelbase.
The target weight was decided based upon similar scale commercially available rc cars
such as the Traxxas Bandit. The wheelbase was decided due to the bed size of a CR-10 mini
3D printer. 3D printing was decided upon as the manufacturing method early in the
project, as it allowed for the creation of complex components out of desirable materials
used in many other rc cars such as ABS, PETG, and even composites. The track width was
decided based off of cars of a similar scale, this was not limited by 3D printer bed size as
the control arms could be as long or short as necessary. However, longer control arms
allow for a smooth suspension stroke with little inwards or outwards deviation due to the
arc that the control arms travel. Initially 4 inch control arms were considered, which
would allow for smooth suspension travel. However, the control arm length was ultimately
dictated by the sizes of commonly available u joint driveshafts. As such a 3.5 inch
swingarm was used. A ‘wheel inwards’ approach commonly used by automotive engineers
was then applied to determine geometric requirements of the suspension components.
The choice to utilize 3D printing provides a degree of convenience in ease of
manufacturing and low cost, however it also has several risks involved in its use. From a
structural analysis standpoint, 3d printed parts are not isotropic. This is due primarily to
layer adhesion weakness, as such 3D printed parts will not tolerate the same stresses in
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every direction. This is overcome primarily with the use of safety factors to overcome the
inconsistencies present in 3d printed parts.
The steering knuckles proved to be one of the most difficult components to design.
The steering blocks were of a certain basic width to accommodate standard Traxxas stub
axles, with a kingpin placed as close to the center of the axle as possible to promote ease of
turning. The steering knuckles needed to hold the steering block and allow it to pivot a
minimum of 45 degrees. This proved to be challenging to produce a steering knuckle that
would allow adequate cornering, fit within the wheels, and support the desired load. The
first version of the design was strong, but did not allow for an adequately small turning
circle. The second and final version of the design had a thinner upper arm with greater
reliance on the larger lower arm to support the load. The smaller upper arm allowed for
greater steering block clearance and thus a smaller turning radius. The resulting design of
both the steering knuckle and block is quite similar to many commercially available
designs, which suggests that it is an acceptable solution.
In order to develop the upper and lower control arms, the basic required
dimensions needed to be established to achieve good suspension geometry. As mentioned
previously, a basic track width was decided for the vehicle, this dictated the lower
suspension arms be around 3.5 inches long in order to still provide 2 inches of central
chassis to mount drivetrain components such as the rear axle, and also to fit a standard
length of u joint axle. The upper control arm length and mounting points were then
determined using an online software known as VSusp. This software facilitated the input of
control arm mounting points and lengths, and then allows the simulation of suspension
movement. It then provides measurements such as camber angle. The target was to
achieve an increase in negative camber through the suspension stroke via unequal control
arm design in order to maintain a good contact patch despite body roll. This is a common
style of design for double A-arm independent suspension. The amount of camber produced
was somewhat limited by the fact that the desired suspension is a long travel design for off
road usage. As such excessive camber increase is undesirable. In addition, off road rc tires
have a rounded profile, so the contact patch does not change significantly even with
significant body roll.
The shock mounting points also needed to be determined along with the required
shock length and stroke for the vehicle. A chart was constructed showing the lower
swingarm at maximum travel and at rest. The goal was to mount the shock as close to the
wheel as possible and have a 90-degree angle at maximum travel. This allows for
maximum shock efficiency as the shock is more directly in line with the direction of wheel
travel and has more direct absorption and damping effects. The chart displayed a range of
shock mounting points and heights to achieve this depending on the dimensions of the
shock chosen. A commercially available shock of approximately 80mm long was chosen.
Maximum loading conditions at each wheel were calculated using the target weight
of the vehicle exposed to a ‘worst case loading scenario’. In this case the vehicle is under
maximum cornering load on rough terrain, the inner two wheels are not in contact with the
ground, so the vehicle is supported by only the outside two wheels, and the expected
weight of the vehicle is multiplied by a large safety factor of 10 to account for the highly
uncertain impact loading conditions.
To find the specific loading condition on each of the suspension and chassis
components, methods from statics are applied, primarily summing forces and moments, as
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well as method of joints. The suspension components are all pinned together and are
analyzed as such.
Now that a loading condition had been established, each component was optimized
by either solving for required dimension at a desired stress, or by proposing dimensions
and solving for the stresses present and iterating the design. The choice between these
methods depends on the complexity of the part. Simple parts such upper control arms are
solved for desired dimensions, while more complex parts use iterative Solidworks FEA
analysis.
All stresses are verified to be below the yield stress and estimated endurance limit of PETG
plastic to promote longevity of the components.
Ackerman steering geometry was also devised for the vehicle. This involves
constructing a triangle from the kingpins to the center of the rear axle. This triangle
dictates the angle of the steering arms on the steering blocks. These angles are adjusted so
that the turning center of both front wheels is the same at full lock. A bell crank style
steering system similar to that found on Traxxas and other commercially available vehicles
was used. This system does not require the fabrication of a pinion, and as such is favored
since the steering components must be 3d printable. The steering servo is mounted as
close to the front of the vehicle as possible for good weight distribution.
Performance creep was not a significant issue with this project. The one design
parameter that was changed was the target top speed. Initially the target top speed was 40
mph, although it appears this may not be feasible with a car having such a short wheelbase
due to lack of high speed stability, and the car cannot be lengthened due to manufacturing
limitations of the 3d printer used. It is likely that a 25 mph top speed is more reasonable.

b. Construction
Production of the chassis and suspension components progressed with little
difficulty. Common risks associated with 3d printing were realized and addressed quickly.
Early on printing from PETG proved to be difficult, as the molten filament had difficulty
adhering to the glass print bed. Several methods of improving bed adhesion were used
including using higher temperatures, glue sticks and masking tape were used. The masking
tape proved most successful and was used as the standard method for the rest of the
project. The PETG material also tended to accumulate on the nozzle and then fall onto the
part in the form of a large blob, causing a defect or even a print failure. These issues meant
that parts were commonly at risk of print failure especially in the early phases of printing.
Accumulation on the nozzle was mitigated by using cleaned and new nozzles which
decreased accumulation enough that it was no longer an issue.
The first print of the main chassis turned out to be too flexible, as such the main
chassis plate was redesigned with a honeycomb sandwich to provide rigidity. The first
main print was also found to have weak layer adhesion due to low print temperatures.
Increasing the print temperature resulted in much stronger prints. Some minor warping
resulted on the edges of the main chassis prints for all iterations. Fortunately, the warping
did not affect any fitment of the suspension components.
Shrinkage, a normal occurrence in 3D printed parts necessitated the enlargement of
most 3d printed holes in parts. For example, holes that were made for M3 fasteners needed
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to be designed as 3.2 mm to account for shrinkage. The values at most locations were
found through trial-and-error test prints.
Upon assembling the steering system, the linkages required careful length
adjustment to result in slight wheel toe in for stability purposes, and to allow for the full
range of motion of the steering system. The left steering arm and steering bell crank (JSF20-005 and JSF-20-009, Appendix B) gained larger mounting holes to accommodate M3
fasteners to match the rest of the vehicle as well as a clearance to accommodate swingarm
motion in the neutral steering position.

c. Testing
The testing of the vehicle was comprised of four suspension, chassis and steering
tests. The tests conducted were the weight and weight distribution, turning radius, 1 foot
drop, car dimension test, and the 2 inch obstacle clearance test.
The weight test was the easiest to perform, and involved simply placing the vehicle
on a kitchen scale or scientific scale. The vehicle was weighed 3 times to ensure accurate
measurements, and the average weight found. This test confirmed that the car was of
similar weight to competitive industry standard RC cars, and met the design requirement
of less than 5 lb. weight.
The weight distribution test was similarly easy to perform, as the car was simply
balanced about its longitudinal center of gravity, and the position of the center of gravity
marked as the location at which the car could balance rested on the bottom of its chassis.
The only difficulty performing this test was finding an appropriate object to balance the
vehicle on. The balance needed to have a corner or thin edge that spanned the width of the
vehicle, so that the car could be balanced on this edge and indicate the location of the
center of gravity. The edge of a cardboard box was eventually chosen. Once the center of
gravity was found, simple statics calculations were performed to find the weight
distribution on the front and rear wheels using the location of the center of gravity relative
to the front and rear axles. No significant difficulties or modifications to procedure were
required for this test. The vehicle achieved the predicted and target weight distribution
within 3 percent variation.
The turning radius test was somewhat more difficult to conduct, as it required the
vehicle to mark a circle as it performed a full circle turn. This circle would then be
measured to find the turning radius. Chalk was initially considered to be attached to the
rear of the vehicle, but it was not possible to keep the chalk in contact with the ground as it
wore. Instead, the rear tires of the vehicle were wetted, leaving marks on dry pavement
which could then be measured. This change of method is reflected in the current
procedure for this test. The diameter of the inner circle was measured, and the width of
the vehicle added to it to find a center turning diameter. This diameter was then halved to
find the center turning radius. The procedure for this test was also modified to give much
greater detail with respect to setting up the vehicle to operate. The vehicle failed to meet
the sub 2 foot turning radius requirement, but still maintained a reasonable and useful
turning radius of 2.52 feet.
The basic dimensions of the vehicle such as ground clearance, track width and
wheelbase were also measured. This test was the simplest test and involved directly
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measuring all of these quantities using a ruler. No modifications to test procedure were
needed, and the vehicle met the basic requirement of a 1 inch ground clearance. Other
dimensional parameters were gathered for comparison with other similar vehicles
primarily. The associated design requirement of maximum chassis dimensions was
automatically satisfied, since the vehicle was successfully printed on a print bed consisting
of the maximum dimensions.
The two inch obstacle clearance test was of initial concern due to the 1 inch ground
clearance of the vehicle. In addition, the design requirement was not terribly well defined,
as an obstacle with a large radius or smooth shape would be easy for the vehicle to drive
over even if the obstacle is quite large. Meanwhile a small obstacle with vertical sides could
be quite difficult to clear even if it is small. Since the two inch obstacle was not well defined
in shape the worst case was assumed and tested, that of an obstacle with vertical walls. A
two inch thick book was chosen for this test. The car was able to clear the obstacle,
although only with some speed before contacting the obstacle, it could not clear the
obstacle slowly due to the limited ground clearance.
The resulting car performs satisfactorily in all of the desired metrics. Some
requirements were easily met and or exceeded such as the weight and weight distribution
requirements. The dimensions of the car were similarly easy to verify and meet. The
turning radius test was the only case where the car did not strictly meet the design
requirement of a 2 foot turning radius. But in this case the car was found to have an
adequate turning radius for practical usage, and did not exceed the design requirement by
a significant amount. While the two inch obstacle clearance did present some amount of
vagueness with regard to the form of obstacle the vehicle was still able to meet this design
requirement given the worst type of obstacle of that size.

9. CONCLUSION
A chassis and suspension system that will provide mounting points for all
components of the vehicle and provide stability over various terrains has been devised in
compliance with the MET RC Baja competition regulations. All chassis and suspension
components have been analyzed for worst case loading conditions that are likely more
severe than those that will actually be encountered. The main chassis and all of the
suspension components have been analyzed to ensure that no stresses exceed the
endurance limit of PETG plastic. All chassis and suspension components have been
engineered to be fully 3D printable from PETG. For enhanced toughness and strength, a
composite of carbon fiber filled PETG, or a similar readily available 3D print filament could
be used if necessary. The fact that the vehicle is fully 3d printable results in a design that is
easy and fast to manufacture and prototype. This method of manufacturing also allows for
changing materials easily if different characteristics are desired, as mentioned for the case
of carbon fiber PETG. It is estimated that the entire vehicle can be printed within 3 days
from one printer, and in as little as 1.5 days from two printers. As such this design is not
only strong and durable, but also simple to produce. The resulting design will easily be
competitive with similar vehicles of the 1/10 scale, offering similar amounts of suspension
travel and greater strength, especially if composite filaments are selected for use. The
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parts to be produced are documented in appendix B, and all analysis are available in
appendix A. All of the necessary components for the construction of the chassis and
suspension have been purchased, and are cheaply and readily available.
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Appendix A-2 – Steering Knuckle Analysis with Safety Factor
of 10.
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NOTE! The left steering Linkage Arm (JSF-20-010, Appendix B) is not exposed to the
loading from the servo that is shown for the Bell Crank in the Analysis above. It does
however, share the same basic dimensions. As such an analysis of the Left Steering Linkage
Arm would be considered redundant.
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APPENDIX B - Drawings
Appendix B – Drawing Tree
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Figure 2. Drawing Tree.
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Appendix B-1

Figure 3. Full Chassis Assembly
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Appendix B-2

Figure 4. Rear Suspension Subassembly
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Appendix B-3

Figure 5. Front Suspension Subassembly.
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Appendix B-4

Figure 6. Main Chassis Subassembly.
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Appendix B-5

Figure 7. Gearbox Subassembly
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Appendix B-6

Figure 8. Right Steering Knuckle.
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APPENDIX C – Parts List and Costs
Table C1. Suspension and Steering Parts List

Part
Number

Qty Part Description

Source

Cost

Disposition

20-001

1

Knuckle-Steering, Right

3D Printed in house

10$

Prototype Printed

20-002

1

Knuckle-Steering, Left

3D Printed in house

10$

Prototype Printed

20-003

4

Arm-Control, Upper

3D Printed in house

10$

Prototype Printed

20-004

2

Block-Steering

3D Printed in house

10$

Prototype Printed

20-005

1

3D Printed in house

10$

Prototype Printed

20-006

4

Arm-Linkage, Steering,
Left
Arm-Suspension, Lower

3D Printed in house

10$

Prototype Printed

20-007

2

Block-Rear

3D Printed in house

10$

Prototype Printed

20-008

1

Chassis-Main

3D Printed in house

20$

Prototype Printed

20-009

1

Crank-Bell, Steering

3D Printed in house

10$

Prototype Printed

55-01

1

Servo

Amazon

20$

,55-02

4

Shock

Amazon

5$

55-03

1

Link-Steering, Servo

Amazon

5$

55-04

1

Arm-Servo

Amazon

5$

55-05

2

Link-Steering, Outer

Amazon

7$

55-06

1

Link-Steering, Middle

Amazon

5$

Purchased on 10/10/2021 –
Received 10/20/2021
Purchased on 10/10/2021 –
Received 10/20/2021
Purchased on 10/10/2021 –
Received 10/20/2021
Purchased on 10/10/2021 –
Received 10/20/2021
Purchased on 10/10/2021 –
Received 10/20/2021
Purchased on 10/10/2021 –
Received 10/20/2021

Total Number of Parts: 27
Table C2. Drivetrain Parts List

Part
Number

Qty Part Description

Source

Cost

Disposition

55-001

1

12-tooth pinion
gear

McMaster Carr

$8

Purchased on 10/10/2021
–Received 10/20/2021

55-002

1

Motor

HobbyKing

$95

Purchased on 10/10/2021
–Received 10/20/2021

55-003

1

Radio Controller
and Receiver
Combo

Amazon

$42.11

Purchased on 10/10/2021
–Received 10/20/2021

55-004

2

Rear Wheels

Amazon

$8

Purchased on 10/10/2021
–Received 10/20/2021
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55-005

2

Lipo 2S Batteries

Amazon

$40

Purchased on 10/10/2021
–Received 10/20/2021

55-006

1

Lipo Charger

Amazon

$40

Purchased on 10/10/2021
–Received 10/20/2021

55-007

1

Center Spool

Amazon

$23.82

Purchased on 10/10/2021
–Received 10/20/2021

55-008

4

Dog bone
driveshafts

Amazon

$16.98

Purchased on 10/10/2021
–Received 10/20/2021

55-009

2

Front Wheels

Amazon

$8

Purchased on 10/10/2021
–Received 10/20/2021

55-010

2

Front Axles

Amazon

$7

Purchased on 10/10/2021
–Received 10/20/2021

20-001

1

Motor Mount

3D printed

$5

Printed
12/20/2021

20-002

2

Top Center Spool
Mount

3D printed

$5

Printed
11/10/2021

20-003

1

Bottom Center
Spool Mount

3D printed

$8

Printed
11/10/2021

20-004

1

Battery Fastener

3D printed

$5

Printed
11/10/2021

20-005
1
Controller Mount 3D printed
Total Number of Parts: 23
Total Number of Parts for Entire Vehicle: 50

$3

Printed 12/3/2021

Table D1. Budget

APPENDIX D – Budget

Item

Qty

Description

Cost

Drivetrain

1

All Drivetrain components

300

Chassis/
Suspension

1

3D printed chassis and suspension
components, as well as bought
components.

100

Printing Time

112
Hours

Power costs, machine time.

1680

Labor

285
hours

Assembly of all drivetrain and
chassis components, engineering
costs.

11400
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APPENDIX E - Schedule
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Figure E1. Project Gantt Chart.
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APPENDIX F – Expertise and Resources
Table 2. Material Choice Matrix for Chassis.

Table 3. Material Choice Matrix for Suspension Components.
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Table 4. Manufacturing Process Choice Matrix for Chassis.

Table 5. Manufacturing Process Choice Matrix for Suspension.
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APPENDIX G1 – Testing Report 1
Appendix G1 – Procedure Checklist
Introduction:
This test will serve to determine if the vehicle has a turning radius of less than 2
feet. This is a very simple test that will consist of driving the vehicle in a circle with a piece
of chalk or other marking equipment attached to the rear center of the vehicle (see figure
G1.1). This test can be completed within 30 minutes given 10 minutes to setup, 10 minutes
to conduct the test, and 10 minutes to takedown/cleanup.
Method:
In order to test the turning radius of the car, the inner rear tire of the vehicle will be
wettened with water. As the vehicle drives in a circle on dry pavement this will leave a
temporary marking. This marking must be measured quickly before it dries, as such it is
best to do this on a moderate day (less than 80 degrees Fahrenheit). The measurement will
be performed with a tape measure, and only needs to be accurate to +/- 1 inch. A left and
right turning circle version of this test will be performed, and the results averaged. The
average diameter can then be divided by two to find the radius. The average turning radius
must then have half of the track width of the vehicle added to it in order to find the center
turning radius. The data is shown in a simple Excel Table.

Fig. G1.1.
Materials and Resources:
• A 12 oz or more container of water.
• The RC vehicle in ready to run condition.
• A measuring implement such as tape measure or yard stick.
• A flat, dry rough area such as concrete slab greater than 5 feet in size.
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Risks:

Fig. G1.2. Supplies needed.

The risks of both safety and to the vehicle are negligible, as the speeds of the vehicle
are very low. Take care to avoid getting water on the electronics of the vehicle.
Procedure:
1. Ready the vehicle for running by placing the battery in the battery strap located
between the motor and steering servo. The battery strap is elastic, simply push the
battery into the loop. The battery is mounted laterally across the chassis. Now turn
on the vehicle by flipping the black switch attached to a yellow, red, and brown set
of wires.

Fig. G1.3. Vehicle Power Switch.
2. Turn on the controller by using the silver power button on the rear of the controller
above the hand grip.
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Fig. G1.4. Controller Power Button.
3. Now that the controller and vehicle are both ready to operate, turning the vehicle
can be achieved by using the steering wheel on the right hand side of the controller.
Acceleration is achieved by pulling the trigger on the controller, while pushing the
trigger forward (away from the operator) will serve to brake and reverse the
vehicle.

Fig. G1.5. Controller Throttle Trigger and Steering Wheel.
4. Place the vehicle in the center of an open flat rough surface, with the vehicle ready
to drive. The vehicle should have at least five feet of space on all sides, ensuring it
will not run into anything.
5. Wet both rear tires of the vehicle thoroughly by pouring water on them from the 12
oz water container. The tires should be completely covered in water. Take care not
to get any water on the electronics.
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Fig. G1.6. Wet Rear Wheels.
6. Using the operating instructions for turning and moving forward mentioned above,
turn the vehicles steering fully right and drive the vehicle SLOWLY forwards in a
circle once, leaving a circular marking on the concrete from the wet rear wheels.
7. Measure the diameter of the inner circle using a tape measure or yard stick. This is
the inner turning diameter. Record this value to within +/.25 inch.
8. Repeat the last three steps, but turn the vehicle left to make the water mark circles.
9. Average the right and left inner turning diameters. Record.
10. Add the rear track width (9.5 inches) to the average inner turning diameters. This
will yield the center turning diameter. Record.
11. Divide the center turning diameter by 2. This will yield the center turning radius.
Record.

Appendix G1.2 – Data Forms

Fig G1.7.

Appendix G1.3 – Raw Data

Fig G1.8.
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Appendix G1.4 – Evaluation Sheet

Fig G1.9.

Appendix G1.5 – Schedule (Testing)

Fig G1.10.

Appendix G2.1 – Procedure Checklist

Introduction:
This test will serve to measure the weight balance of the vehicle and weight of the
vehicle. This is an important metric for high performance vehicles as it promotes stability
and predictable handling characteristics. The design requirement is that the vehicle will
have a 50/50 weight distribution, and weigh less than 5 lbs. It is predicted that the car will
obtain a 47/53 weight distribution from prior Solidworks analysis, and weigh 3.32lbs. This
will be shown using a simple balance to find the center of gravity of the vehicle and a
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scientific or kitchen scale to weigh the car. These tests combined should take less than 10
minutes to setup, 10 minutes to perform, and 10 minutes to take down.
Method:
This test will use a simple balance to find the center of gravity of the car. This
balance will be a simple cardboard box, as it provides a thin but rigid edge to balance the
car on, and it is readily available. The car must be in ready to run condition as described in
the procedure. The measurement of the location of the center of gravity is subject to at
least a +/- .1 inch error, not only due to measurement which is performed by a ruler, but
also the markings of the center of gravity which are done in permanent marker. Once the
actual location of the center of gravity is found the weight distribution on the front and rear
wheels is found via a simple calculation shown in Appendix G2.4. The data is shown in
simple Excel table.
Resources needed:
•
•
•
•
•
•
•

A flat open area at least 5x5 feet.
A cardboard box at least 15x12.
Weights/heavy objects totaling at least 5 lbs. and able to fit within the chosen box.
Kitchen scale or scientific scale with a max weight capacity of at least 5lbs.
RC car in ready to run condition.
Permanent marker.
Ruler.

Risks/Safety:
This is a very low risk test with no notable safety risks or risks to the car.
Procedure:
1. Obtain the listed resources above.
2. Place the cardboard box on the ground with one end opened upwards.
3. Place the weights/heavy objects inside the cardboard box, lengthwise on one side of
the box (see Fig. G2.1)

Fig. G2.1
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4. Ready the vehicle for running by placing the battery in the battery strap located
between the motor and steering servo. The battery strap is elastic, simply push the
battery into the loop. The battery is mounted laterally across the chassis. (See Fig.
G2.2)

Fig. G2.2
5. Place the vehicle on one edge of the box so that the vehicles chassis plate rests on
the edge of the box. The box edge that the vehicle rests on should go across the
vehicle, not lengthwise. Move the vehicle back and forth slightly until the vehicle
balances on this edge (see Fig. G2.3).

6.
7.

8.
9.

Fig. G2.3
Make a marking on each side of the vehicle where the edge of the cardboard meets
the chassis plate.
Remove the car from the box and place it upside down. Draw a line across the
chassis connecting these markings on either side of the chassis. Now draw a line
down the center of the chassis longitudinally. Note, where these lines intersect is
approximately where the center of gravity is located.
Now make a marking directly between the front and rear axle spindles. These
represent where the tires will touch the ground.
Measure the distances from the front and rear axle marks to the center of gravity
marking using the ruler, record these measurements.
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10. Using basic statics calculations (shown in Appendix G2.4.) the weight distribution
can be calculated.
11. Place the kitchen or scientific scale on a flat surface, turn it on and press the ‘tare’ or
‘zero’ button.
12. Place the car on the scale so that it rest on the chassis plate and the wheels do not
touch the ground. Record the weight of the vehicle in lbs.
13. Note, all measurements must be within +/- .1 inch accuracy.

Appendix G2.2 – Data Forms

Fig G2.4.

Appendix G2.3 – Raw Data

Fig G2.5.

Appendix G2.4 – Evaluation Sheet
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Fig G2.6.

Appendix G2.5 – Schedule (Testing)

Fig G2.7.

Appendix G3.1 – Procedure Checklist
Introduction:
This test will serve to measure the basic dimensions of the vehicle including the
front and rear trackwidth, wheelbase, ground clearance and chassis plate size. It is
required that the vehicle have a ground clearance of 1 inch or more, and a chassis plate size
less than 220x300. The track width, and wheelbase are not design requirements, but
should be similar to those of other 1/10 scale rc cars. This test takes approximately 10
minutes including setup and takedown.
Method:
This is an especially simple test, involving simple measurements taken via a
standard ruler marked in tenths of an inch. It is expected that error could be as high as +/139

.1 inch. No calculations are necessary in this test, and the results are shown in a simple
Excel table.
Resources:
• 5x5 open flat area.
• Ruler marked in inches.
• RC vehicle.
Risks/safety:
This is a low risk test with no notable danger to the vehicle or operator.
Procedure:
1. Place the vehicle on a flat open area. Compress the suspension by pushing on the
top of the vehicle’s X-Brace and allow the suspension to return to its resting
position.
2. Use the ruler to measure the distance from the floor to the bottom of the chassis.
Record this measurement. (See Fig. G3.1).

Fig. G3.1
3. Turn the vehicle upside down, and measure the maximum length and width of the
chassis plate. Record these values.
4. Measure the distance between the approximate centers of the two front tires and
the two rear tires. These are the front and rear track widths of the vehicle. Record
these values. (See Fig. G3.2).
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Fig. G3.2
5. Measure the distance between the front and rear axles, longitudinally along the
vehicle (see Fig. G3.3) Record.

Fig. G3.3
6. All measurements should be within +/- .1 inch.

Appendix G3.2 – Data Forms

Fig G3.4.

Appendix G3.3 – Raw Data

Fig G3.5.

Appendix G3.4 – Evaluation Sheet
No evaluation sheet available for this test.

Appendix G3.5 – Schedule (Testing)
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Fig G3.6.

Appendix G4.1 – Procedure Checklist
Introduction:
This test will serve to determine the efficacy of the anti-bump steer geometry. The
design requirement is that the vehicle will have less than 3 degrees of bump steer present
at full suspension travel. The predicted bump steer at full travel is 1.18 degrees. This test
takes less than 10 minutes to set up, perform, and take down.
Method:
This test is performed by fully compressing the suspension of the vehicle and
measuring the deflection of the front wheels from a starting position. The vehicle will have
a neutral starting position with the steering pointed straight ahead. One of the front
wheels can then be aligned with lines on a sheet of paper, once the suspension is
compressed fully by pressing down on the top of the vehicle the new position of the wheel
can be marked. The angle between the starting and final position can then be measured.
Resources:
• Compass in 1 degree or less increments.
• Lined paper, college rule, wide rule, grid etc.
• Pencil
• Ruler
• RC vehicle.
• Table.
• Masking tape
Procedure:
1. Place the sheet of paper on the table.
2. Tape all edges of the paper to the table using the masking tape.
3. Place the RC vehicle on the paper so that the front wheel aligns with one of the
paper lines as closely as possible. (See Fig. G4.1)
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Fig. G4.1
4. Mark a dot along one of the lines. This will be the location of the contact patch of the
tire, the front axle should be directly above this dot.
5. Compress the vehicles front suspension by pressing on the top of the front shock
tower.
6. While holding the front shock tower down, use the ruler and pencil to make a mark
on the paper that aligns with the direction of the front wheel. This could simply be a
dot below the new location of the front edge of the tire. Now draw a line from this
dot to the wheel center dot. This should illustrate the angle of bump steer at
maximum travel. (See Fig. G4.2)

Fig. G4.2

Appendix G4.2 – Data Forms
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Fig. G4.3

Appendix G4.3 – Raw Data

Fig. G4.4

Appendix G4.4 – Evaluation Sheet
No Evaluation sheet available for this test.

Appendix G4.5 – Schedule (Testing)

Fig G4.5.

144

APPENDIX H – Resume

Joseph Fritz
Mechanical Engineering
Spokane WA, 99202
(509)-795-1252
jsfritz4@gmail.com

Objective:
Mechanical Engineer looking to work advancing Automotive or Aerospace Technology,
ideally with specific regard to racing vehicles.

Skills/Projects:
● Solidworks Associate Certified
● Solidworks Additive Manufacturing Certified
● Extensive Auto CAD, Fusion 360 and Solidworks experience including independent throttle
body assembly and multiple intake manifolds for Nissan 300zx engine.
● 3D printing experience including prototype intake manifold to fit independent throttle
bodies.
● Experience in Fluid Dynamics, Thermodynamics, Structural Analysis, and Kinematics.
● CNC machine experience including aluminum nameplate for guitar case.
● Mechanical restoration of 1986 Suzuki gs550ES.
● Composite Fabrication experience, including fiberglass motorcycle air intake to replicate
flow rate of original air intake while adding ease of maintenance.
● Arc Welding
● Full Rebuild of car and motorcycle suspension
● Race Engine building for Nissan 300zx including increased displacement, higher
compression, new camshaft, independent throttle body design. (Current project).
● Carburetor rejetting to compensate for higher altitude.
● Diagnosis of electronic systems and fueling systems.
● Rotorcraft and Fixed wing aviation experience as a student pilot.

Achievements:
● Accepted into Army Warrant Officer Flight Training Program (WOFT) during Senior year of
high school due to rotorcraft and fixed wing flight experience and high Flight aptitude
(AFAST) and ASVAB scores.
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● Competitive Cyclist for over 7 years, in disciplines including mountain, road, and bmx
racing, with 2 different teams, self-coached training for upwards of 14 hours weekly.
Competed in Road Cycling National Championships.
● Dean’s List every quarter for 4 years in a row.
● 3.91 GPA

Education:
Central Washington University, Ellensburg WA - Mechanical Engineering
November 2018 - Present

Spokane Community College, Spokane WA - Associate of Arts
November 2016 - 2018

Work History:
Arby’s, Spokane WA - Team Member - (June-September 2020)
● Take customer orders, make fried food products, communicate effectively with kitchen staff,
order staff, and customers simultaneously.

CWU Dining - Stir Fry cook/ Fryer- (December-March 2020)
● Take orders, serve food, cook and prepare food, often simultaneously.

Napa Auto Parts, Spokane WA - Warehouse Stocker- (February- September 2019)
● Stocked and organized parts using an electronic inventory system.

Winco Foods - Graveyard Shift Grocery Stocker- (December 2018-January 2019)
● Stock and organize merchandise, assist customers in finding items.

Event Rents - Event Equipment Delivery- (June-September 2018)
● Load trucks with event items in order of delivery, set up tents, tables, and lighting for
events, communicate effectively with customers and pick up equipment after the event.

This Bike Life, Spokane WA - Bicycle Mechanic- (June-September 2017)
● Tasks included diagnosing and repairing mechanical failures, replacing and adjusting parts,
assembly of new bicycles, and selling bicycles/ equipment to customers.
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